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MEMORY SUPERVISION 

BACKGROUND 

The present invention generally relates to memory 
supervision, and more particularly to a method and system 
for testing a memory in operation. 
Memory devices are found in numerous applications of all 

modem technologies. They are Widely used in different 
?elds of electronics and communication. In the speci?c ?eld 
of telecommunication, memory devices play an important 
role in communication sWitches. 

A communication sWitch generally comprises speech 
stores for storing user data, and control stores for storing 
control information that control the sWitching of the user 
data. It is of course important that the speech stores and 
control stores operate properly, and in operation, the speech 
stores and control stores should be supervised so that they 
can be promptly replaced in the case of a hardWare failure. 

According to a particular type of sWitching called circuit 
sWitching, the user data is normally assigned to time slots 
that are arranged in frames. In the communication sWitch, 
the user data is moved betWeen different time slots and 
frames. This is done by storing the user data in speech stores 
and storing control information in control stores. 

According to the prior art, a through connection test 
(TCT) is performed for each connection in order to ensure 
that data in an incoming time slot reaches an outgoing time 
slot. In a TCT, a parity error is inserted in the incoming time 
slot to be tested, and the connection path Which may consist 
of speech stores, multipleXors and interfaces is supervised 
by checking that the parity error reaches the corresponding 
outgoing time slot. 

Although the through connection test Works satisfactory 
in many respects, the TCT-approach has a number of draW 
backs: 

A real parity error may erroneously fail the TCT; 
The TCT only checks the path during the setup of a 

connection; 
The softWare has to be coordinated to control both inputs 

and outputs; 
The method requires a signi?cant delay and is not scale 

able; and 
In a speech store or control store based on a RAM 

(Random Access Memory), there might be stuck-at 
faults Which escape the usual parity checks; a situation 
Which could result in a data transmission problem, the 
source of Which is dif?cult to localiZe. 

US. Pat. No. 5,436,912 relates to a circuit arrangement 
for testing a semiconductor memory by means of parallel 
tests using various test bit patterns, in Which any n-tuples of 
test bits can be Written into at least one n-bit long register. 
The n-tuple of test bits located in each register can be Written 
via data lines of the semiconductor memory into a multi 
plicity of memory cell n-tuples having a common Word-line. 
The n-tuple of test bits in each register can be supplied to a 
multiplicity of comparator circuits. The bit patterns of the 
memory cell n-tuples having a common Word line can be 
read out via data lines and With Which the n-tuples of test bits 
can be compared in the comparator circuits. The comparator 
outputs are combined by pairs of Wired OR-lines to form an 
address matrix constructed so as to enable location of faulty 
individual memory cells or faulty memory cell n-tuples. 

European Patent Application 0,276,047 relates to a semi 
conductor integrated circuit device in Which a program for 
information processing is stored in a read only memory 
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2 
formed of an EPROM (electrically programmable read only 
memory). To improve the reliability of the integrated circuit 
device, the EPROM has a storage area formed by dummy 
storage elements distinct from the normal storage elements 
of the memory. Access to the dummy storage elements is 
permitted on the basis of a control signal from an eXternal 
terminal. The dummy storage elements are used for a test of 
the Write operation of the memory by Writing data into those 
dummy elements such that the data and Word lines and the 
selection circuit for those lines can be tested. By selecting 
the dummy Word or data line, and having the other normal 
Word or data lines deselected, the dummy elements can be 
tested, thereby permitting testing of the memory even 
though the other memory elements are not erasable. 

SUMMARY 

A general object of the invention is to ?nd a Way to test 
a memory, such as a RAM, While it is in operation. 

It is an object of the invention is to provide a method and 
system for testing a memory in operation. 

In particular, it is desirable to continuously check the 
function of a speech store or a control store in operation in 
a communication sWitch. 

These and other objects are met by the invention as 
de?ned by the accompanying patent claims. 

According to a general inventive concept, a storage unit 
is used to temporarily free one memory location in the 
memory, making it possible to check this memory location 
for bit errors. A test pattern is Written into the memory 
location to be tested and read out again in coordination With 
the normal operation of the memory. If the pattern read from 
the test location does not match the Written test pattern, an 
alarm is raised. 

All memory locations in the memory can be tested to 
make sure that there are no bit errors in the memory. This 
process may be active all the time, With or Without data 
traffic through the memory. 
The solution according to the invention causes no eXtra 

delay, and demands no Waiting periods. The complete 
memory can be checked for both stuck-at faults and 
crosstalk, not only locations currently in use. In addition, 
real parity errors do not affect the memory check. 

In the case of a speech store in operation in a communi 
cation sWitch, a preferred embodiment of the invention 
incorporates a latch unit provided on the input side of the 
speech store. The data intended for a predetermined memory 
location in the speech store is temporarily stored in the latch 
unit, and instead a test pattern is stored in the speech store 
at the predetermined memory location. The test pattern can 
be checked When the memory location that holds the test 
pattern is selected and the contents of this location is 
requested in the operation of the communication sWitch, or 
When no data at all is requested from the speech store. Since, 
the test pattern has been Written to this location, the correct 
data for this memory location is currently stored in the latch 
unit. NoW, the data stored in the latch unit is forWarded as 
requested output data, and the test pattern is read and 
checked by a control unit. 

With this arrangement, the maXimum number of memory 
accesses Will not increase, implicating that the highest 
read/Write frequency can be maintained at the same level 
compared to prior art solutions. Besides, it is possible to 
reduce the number of faulty data Words that are transmitted 
before a speech store experiencing a hardWare failure is 
replaced. HoWever, compared to the conventional through 
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connection test, it should be noted that the complete con 
nection path is not checked. Multiplexers and other inter 
faces must be maintained by other means. 

In the case of a control store in operation in a communi 
cation sWitch, a preferred embodiment of the invention 
incorporates a latch unit provided on the output side of the 
control store. The data from a predetermined memory loca 
tion in the control store is temporarily stored in the latch 
unit. When data has been read out of the predetermined 
memory location and stored in the latch unit, that location 
Will be “free” and a test pattern can be Written into the 
control store at the predetermined location. When the data in 
the predetermined test location is requested in the operation 
of the communication sWitch, the data stored in the latch unit 
is forWarded as requested output data and the content of the 
predetermined memory location is read and checked by a 
control unit. When the test has been completed, the data 
stored in the latch unit should be stored in the predetermined 
memory location once again, so that it can be read from the 
control store at a later time in accordance With the instruc 
tions from the control system of the communication sWitch. 
If there is an attempt to Write neW operational data to the 
memory location during the test, the neW incoming data 
needs to be stored in the latch unit on the output side of the 
control store. The neW data thus replaces the data previously 
stored in the latch unit. 

Depending on Whether the memory is a speech store or a 
control store, the implementation Will be someWhat differ 
ent. This implementational difference is due to the fact that 
When a control store is in operation data is constantly read 
from the control store and data is Written to the control store 
only in some clock cycles When the contents of the control 
store need to be updated, While for a speech store data is 
constantly Written into the speech store and the data is 
subsequently read from the speech store in accordance With 
the control information stored in the control store. 

To summariZe, the invention offers the folloWing advan 
tages: 

continuous supervision of a memory in operation; 
no extra delay; 
possibility to check the complete memory for both stuck 

at faults and crosstalk, not only locations currently in 
use; 

real parity errors do not affect the memory check; 
the maximum number of memory accesses Will not 

increase; and 
reduction of the number of faulty data Words that are 

transmitted before a memory experiencing a hardWare 
failure is replaced. 

Other advantages offered by the present invention Will be 
appreciated upon reading of the beloW description of the 
embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together With further objects and advan 
tages thereof, Will be best understood by reference to the 
folloWing description taken together With the accompanying 
draWings, in Which: 

FIG. 1 is a schematic diagram of an illustrative time 
sWitch; 

FIG. 2 is a schematic diagram of a speech store and a 
system for testing memory locations of the speech store 
according to a ?rst preferred embodiment of the invention; 

FIG. 3 is a schematic diagram of a control store and a 
system for testing memory locations of the control store 
according to a second preferred embodiment of the inven 
tion; 

10 

15 

25 

35 

45 

55 

65 

4 
FIGS. 4A—C are schematic illustrative timing diagrams of 

the signals relevant to the implementation of FIG. 2; 
FIGS. 5A—E are schematic illustrative timing diagrams of 

the signals relevant to the implementation of FIG. 3; 
FIG. 6 is a schematic flow diagram of a method for testing 

a memory according to a preferred embodiment of the 
invention; and 

FIG. 7 is a schematic flow diagram of a method for testing 
a memory according to another preferred embodiment of the 
invention. 

DETAILED DESCRIPTION 

The invention Will noW be described With reference to a 
particular illustrative application of the invention, namely 
the testing of a memory, such as a speech store or a control 
store, in operation in a communication sWitch. HoWever, the 
invention is not limited thereto, and it Will be appreciated 
that the invention may be applied to other circuits and 
apparatuses provided With a memory. 

For a better understanding of the invention, the general 
function of an illustrative communication sWitch, a time 
sWitch, Will noW be described by Way of introduction. 

FIG. 1 is a schematic diagram of an illustrative time 
sWitch comprising a speech store 3 With associated address 
ing units 2 and 4, a control system 5, a control store 7 With 
associated addressing units 6 and 8, and a time slot counter 
9. 

User data from several connections are normally multi 
plexed by means of time multiplexing such that the user data 
is placed in time slots that are arranged in frames. In the time 
sWitch, the user data is moved betWeen different time slots 
and frames by delaying the user data in the speech store 3. 
The delay is controlled by control information stored in the 
control store 7. 

The speech store 3 comprises a number, n, of storage 
positions 3.1 to 3.n for storing the user data. Each storage 
position corresponds to a time slot and stores, during a 
certain time, a data Word such as a byte. The control store 7 
also includes a number, n, of storage positions 7.1 to 7.n, 
each of Which corresponds to a time slot. 

A multiplex from a group of user terminals arrives as 
incoming user data USER DATA IN to the addressing unit 
2, Which in turn is connected to the speech store 3. The 
speech store 3 is connected to the addressing unit 4 Which 
acts as output of the time sWitch. The control system 5 is 
connected to the addressing unit 6, Which in turn is con 
nected to the control store 7. The control store 7 is also 
connected to the addressing unit 8. The addressing unit 8 of 
the control store 7 is connected to the addressing unit 4 of 
the speech store 3. The time slot counter 9 is connected to 
the addressing unit 2 of the speech store 3, and the address 
ing unit 8 of the control store 7. 
The time slot counter 9 operates on the basis of a clock 

signal from a per se knoWn and therefore not shoWn clock 
pulse generating unit, Where each clock pulse corresponds to 
a time slot. The time slot counter 9 cyclically addresses 
storage positions in the control store 7 as Well as in the 
speech store 3. By means of the time slot counter 9, via the 
addressing unit 2, the incoming user data USER DATA IN 
is cyclically Written into the storage positions of the speech 
store 3 in a ?xed sequence. The number, n, of storage 
positions in the speech store 3 is generally equal to the 
number of time slots in a frame. By Way of example, the 
number of time slots in each frame may be 512 or 8192. 
Each storage position represents one and only one unique 
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time slot in each frame. User data arriving in a certain 
incoming time slot in a frame is consequently stored in a 
given storage position corresponding to the incoming time 
slot. For each time slot, a storage position in the control store 
7 is addressed via the addressing unit 8 for reading control 
information stored in the control store. The control infor 
mation from the control store 7 in turn addresses the speech 
store 3 via the addressing unit 4 for reading outgoing user 
data USER DATA OUT from the speech store. 

In the time sWitch, user data arriving to the time sWitch in 
given time slots relative to the frames are normally, but not 
alWays, delayed and goes out of the time sWitch in other time 
slots relative to the frames. 

The control information controlling the time sWitch is 
generated by means of the control system 5, Which may be 
a computer program-controlled control system being part of 
the time sWitch or the overall telecommunication system. 
The control information is Written into the storage positions 
of the control store 7 via the addressing unit 6 under the 
control of the control system 5. The number, n, of storage 
positions in the control store 7 is equal to the number of time 
slots in a frame. By means of the time slot counter 9, via the 
addressing unit 8, the control information stored in the 
control store 7 is cyclically read-out of the control store in 
a ?xed sequence, one unique storage position for each time 
slot in a frame. In each time slot, the control information 
from the control store 7 addresses the addressing unit 4 of 
the speech store 3, and this control information indicates 
from Which storage position of the speech store 3 that user 
data is to be read, and in that Way appear as output data 
USER DATA OUT in outgoing time slots. 

It is important that the speech store and control store of 
the time sWitch operate properly, and in operation, it is 
desirable to supervise the speech store and control store so 
that they can be promptly replaced in the case of a hardWare 
failure. 

The basic idea according to the invention is to connect a 
storage unit, preferably an external one-Word memory, to the 
memory to be supervised. The storage unit is used to 
temporarily free a memory location in the memory to be 
tested so that a test pattern can be Written into the memory 
location and read out again. If there is a mismatch betWeen 
the Written pattern and the pattern read from the tested 
memory location an alarm is raised. According to a preferred 
embodiment of the invention, the test procedure is coordi 
nated With the normal operation of the memory. 
NoW, implementations of the basic idea according to 

preferred embodiments of the invention Will be described 
With reference to FIGS. 2—7. 
An Illustrative Implementation for a Speech Store 

FIG. 2 is a schematic diagram of a speech store and a 
system for testing memory locations of the speech store 
according to a ?rst preferred embodiment of the invention. 
The speech store 21 is preferably arranged in a communi 
cation sWitch such as that shoWn in FIG. 1. The system 
associated With the speech store 21 generally comprises a 
latch unit 22, a control unit 23, a read control unit 24 and a 
multiplexor unit 25. 

The speech store 21 is generally a RAM (Random Access 
Memory) Which stores user data from incoming time slots. 
WRiADR (Write Address) determines the Write address to 
Which user data on WRiD (Write Data) is Written. Data is 
read out of the speech store 21 on REiD from the read 
address determined by REiADR (Read Address) if REiEN 
(Read Enable) is high. If REiEN is loW, the previous data 
remains on REiD. 
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6 
In the implementation of FIG. 2, the latch unit 22 is 

provided on the input side of the speech store 21. The latch 
unit 22 is normally transparent to the traffic of data and 
transmits incoming data on INiD (In Data) to WRiD. In 
the test procedure, the control unit 23 selects a memory 
location in the speech store 21 as a test address 
WRiTESTiADR. When the latch unit 22 recogniZes that 
the test address WRiTESTiADR and the Write address 
WRiADR points to the same memory location, the data in 
the current time slot is stored in the latch unit 22, and put on 
LATCHiD (Latched Data). NoW, instead of the data in the 
time slot, the latch unit 22 puts a test pattern on WRiD such 
that the test pattern is stored in the speech store 21 at the test 
address. PATiINS (Pattern Inserted) goes high. If more than 
one test pattern is available, WRiTESTiCTRL (Write Test 
Control) determines Which test pattern to use. 
NoW, the control unit 23 Wants the read control unit 24 to 

read the data from the test address. When PATiINS is high, 
the control unit 23 knoWs that the test pattern has been 
Written to the selected memory location of the speech store 
21, and REiTESTiCTRL (Read Test Control) is set high 
to tell the read control unit 24 that the control unit 23 Wants 
to read data from the test address. In operation, the test 
pattern can be checked When an external unit Wants the 
contents of the test address on OUTiD (Out Data). When 
REiOUTiEN (Read Out Enable) is high, an external unit 
Wants data on OUTiD. The read control unit 24 puts the 
address on REiOUTiADR (Read Out Address) through to 
REiADR. The speech store 21 is instructed to put the 
contents of the selected memory location on REiD by 
setting REiEN high. Since, the test pattern has been sent to 
the test address, and the correct data is stored in the latch unit 
22 and put on LATCHiD, the data on LATCHiD has to be 
put through to OUTiD instead of REiD. This is executed 
by the multiplexor unit 25 under the control of the read 
control unit 24. The read control unit 24 makes sure the right 
data is sent out by comparing REiTESTiADR (Read Test 
Address) from the control unit 23 to REiOUTiADR, and 
if they are equal, setting DiSEL (Data Select) high to select 
LATCHiD as output to OUTiD. At the same time, the read 
control unit 24 signals to the control unit 23 by means of 
TESTiDiVAL (Test Data Valid) to read the data on 
REiD. The control unit 23 compares the Written test pattern 
to the data on REiD, and if there is a mismatch, an ALARM 
is raised. 

Another chance to check the test pattern is When no 
external unit Wants data on OUTiD, Which means that 
REiOUTiEN is loW. If the control unit 23 has received a 
high PATiINS signal, there is an unchecked pattern in the 
speech store at the selected test location, and REiTESTi 
CTRL is high, telling the read control unit 24 that the control 
unit 23 Wants to read the content of the test location. The 
read control unit 24 puts the address on REiTESTiADR 
from the control unit 23 through to REiADR to select the 
test location. REiEN is high to signal to the speech store 21 
that data is requested on REiD. TESTiDiVAL is set high, 
and the data on REiD is read and compared to the Written 
test pattern by the control unit 23. If the patterns are not 
equal, an ALARM signal is raised. 
The control unit 23 decides Which memory locations to 

test, and in Which order the memory locations are checked. 
For example, by constantly repeating the above process for 
all memory locations of the speech store, and testing the 
locations With tWo complementary test patterns, a continu 
ous check of each memory cell in the speech store for 
stuck-at faults is obtained. Such a testing Will also result in 
an ALARM if there are bit errors due to stuck-at faults or 

cross-talk on any of WRiD, REiD, WRiADR or 
REiADR. 
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If the test location is not read during the period of a frame, 
the test location might escape being checked. This can only 
happen if the speech store is used in a broadcasting 
application, Where some of the memory locations are read 
more than once in a frame period. In this case, the memory 
location that escapes testing is currently not being used, and 
stuck-at faults in unchecked locations Will not cause bit 
errors in the data traffic until the memory location is put into 
use. When the memory location starts being used in a 
connection, it Will be tested in a short While. 
An Illustrative Implementation for a Control Store 

FIG. 3 is a schematic diagram of a control store and a 
system for testing memory locations of the control store 
according to a second preferred embodiment of the inven 
tion. The control store 31 is preferably arranged in a com 
munication sWitch such as that shoWn in FIG. 1. The system 
associated With the control store 31 generally comprises a 
latch unit 32, a control unit 33, a Write control unit 34 and 
a multipleXor unit 35. 

The control store 31 is generally a RAM Which stores 
control information regarding the sWitching of time slots. 
The control information is Written to the control store 31 by 
the control system (not explicitly shoWn in FIG. 3) of the 
communication sWitch. The contents of the control store 31 
is updated When necessary in accordance With the instruc 
tions from the control system. The Write control unit 34 
Writes data to the control store 31. Most of the time, the Write 
control unit 34 is transparent to the eXternal signals INiD 
(In Data), WRiINiADR (Write In Address) and WRiINi 
EN (Write In Enable) Which are then put through to WRiD, 
WRiADR and WRiEN respectively. WRiINiADRi 
WRiADR determines the Write address to Which data on 
WRiD is Written. 

The control information is constantly read from the con 
trol store 31 in a cyclical manner such that all memory 
locations are read consecutively With a predetermined inter 
val. Data is read from the control store 31 on REiD (Read 
Data) from the read address determined by REiADR (Read 
Address). 

In the implementation of FIG. 3, a latch unit 32 is 
provided on the output side of the control store 31. In the test 
procedure, a control unit 33 selects a memory location in the 
control store 31 as a test address WRiTESTiADR (Write 
Test Address), and selects a test pattern by WR TESTi 
CTRL (Write Test Control). NoW, the control unit 33 Waits 
for the read address on REiADR to become equal to the test 
address. When the tWo addresses are equal, the control unit 
33 sends a high STOiD (Store Data) signal to the latch unit 
32 and sets DiSTO (Data Stored) high. When STOiD is 
high, the data on REiD is stored in the latch unit 32 and put 
on LATCHiD, Which means that the data stored at the test 
address in the control store 31 Will noW also be stored in the 
latch unit 32. NoW, the test pattern can be Written to the test 
address. 

There are tWo Ways the test pattern can be Written to test 
address in the control store 31. One Way is to store the test 
pattern in the test address When there is an attempt to Write 
neW data to the test address from the outside. Then the neW 
data on INiD is stored in the latch unit 32 instead of the data 
previously stored in the latch unit, and the test pattern is 
stored in the test address in the control store 31. The Write 
control unit 34 remains transparent to WRiINiEN and 
WRiINiADR in this clock cycle, and the test pattern is put 
on WRiD by the Write control unit 34. STOiDiM (Store 
Data Master) is set high for one clock cycle, signaling to the 
latch unit 32 to store the data on INiD. This procedure is 
similar to that for the speech store 21 of FIG. 2, Where data 
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addressed for the memory location to be tested is stored in 
the latch unit 22 of FIG. 2, and instead a test pattern is 
Written into the test location. It is important to note that in 
comparison to STOiD, STOiDiM has the highest priority 
When both signals go high at the same time, meaning that if 
STOiDiM is high any signal on STOiD is ignored. 
The other Way the test pattern can be Written to the control 

store 31 is to store the test pattern in the test address When 
no data is Written to the control store 31 from the outside. 
The Write control unit 34 Waits for WRiINiEN to go loW, 
and then stores the test pattern in the test address. In either 
case, the Write control unit 34 sets PATiINS (Pattern 
Inserted) high for one clock cycle When the test pattern has 
been stored at the test address of the control store 31. 

If there is an attempt to Write to the test address before the 
data has been stored in the latch unit 32, the data for the test 
address Will be sent to the latch unit 32, and the test pattern 
Will be inserted by the Write control unit 34. In this case, the 
control unit 33 Will receive a high PATiINS signal before 
it has set DiSTO high. 
When the test pattern has been inserted and the control 

unit 33 has received a high PATiINS signal, the control unit 
33 sets DiSTO loW and once again Waits for the read 
address REiADR to become equal to the test address 
WRiTESTiADR, Which means that the data at the test 
address is put on REiD. When this happens, the control unit 
33 compares the data on REiD to the Written test pattern. 
If the bit patterns are different, an alarm signal is issued on 
ALARM. 

It should be understood that in the clock cycle When the 
test address is read, the DiSEL signal to the multipleXor 
unit 35 is set high such that the latched data on LATCHiD 
is put through to OUTiD instead of the contents of the test 
address (on REiD). 
When the test has been completed, the data stored in the 

latch unit 32 has to be stored in the tested memory location 
again. The control unit 33 sets STOiLD (Store Latched 
Data) high and keeps it high until the Write control unit 34 
has stored the data on LATCHiD in the tested memory 
location. When STOiLD goes high, the Write control unit 
34 Waits for WRiINiEN to go loW and then the data in the 
latch unit 32 is Written to the test address. When the correct 
data has been stored in the tested memory location, DiINS 
(Data Inserted) goes high. Due to the fact that an attempt to 
Write neW data to the test address during the test period Will 
result in this neW data being stored in the latch unit 32 
instead of the previous data, the most recently updated data 
Will alWays be put back into the tested memory location after 
the test period has been completed. 

Preferably, the test starts again With another test address 
or With a complementary test pattern for the same test 
address. In a particular embodiment, the test should be 
running constantly, repeatedly testing all addresses With tWo 
complementary patterns. Such a testing Will also result in an 
ALARM if there are bit errors due to stuck-at faults or 

cross-talk on any of WRiD, REiD, WRiADR or 
REiADR. 
Signal Timing 

FIGS. 4A—C are schematic illustrative timing diagrams of 
the signals relevant to the implementation of FIG. 2. 

FIG. 4A is a signal timing diagram relevant to the latch 
unit 22 of FIG. 2. The designation “=TA” in the signal 
WRiADR means that the Write address is equal to the test 
address. The designation “=TP” in the signal WRiD means 
that the Write data is the test pattern. The signal PATiINS 
is high. The designation “=I” in the signal LATCHiD 
means that the data of INiD that Was read the previous 
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clock cycle is put on LATCHiD. When there is a change in 
WRiTESTiCTRL, the test pattern has changed. 

FIG. 4B is a signal timing diagram relevant to the control 
unit 23 of FIG. 2. The designation “=TP” in the signal 
REiD means that the read data is equal to the test pattern. 
HoWever, if the data on REiD at the clock cycle indicated 
by “=TP” is not equal to the test pattern, the signal ALARM 
goes high (indicated by dotted lines). 

FIG. 4C is a signal timing diagram relevant to the read 
control unit 24 of FIG. 2. The designation “XXX” means 
that the data is undetermined. The designation “=TA” in the 
signals REiOUTiADR and REiADR means that the read 
address is equal to the test address. FIG. 4C illustrates tWo 
Ways to perform the test. The ?rst tWo sectors from the left 
shoW a test occurring When the external read address is equal 
to the test address and REiOUTiEN is high. The three 
remaining sectors shoW a test occurring When the speech 
store is not read externally for a number of clock cycles and 
REiOUTiEN goes loW. 

FIGS. 5A—E are schematic illustrative timing diagrams of 
the signals relevant to the implementation of FIG. 3. 

FIG. 5A is a signal timing diagram relevant to the latch 
unit 32 of FIG. 3. The designation “=R” in the signal 
LATCHiD means that the data on REiD is put on 
LATCHiD. The designation “=I” in the signal LATCHiD 
means that the data on INiD is put on LATCHiD. FIG. 5A 
illustrates tWo Ways of loading the latch unit 32 With data, 
loading from REiD (case 1) and from INiD (case 2). The 
part With LAT CHiD marked “=R” corresponds to case 1, 
the other part marked “=I” to case 2. 

Case 1: WRiINiEN goes loW for a number of clock 
cycles and the control store is free for Writing. 

Case 2: WRiADR is equal to the test address for a clock 
cycle, Which makes Writing to the test address possible. 

FIG. 5B is a signal timing diagram for case 1 relevant to 
the control unit 33 of FIG. 3. The designation “=TA” in the 
signal REiADR means that the read address is equal to the 
test address. The designation “=TP” in the signal REiD 
means that the read data is equal to the test pattern. HoWever, 
if the data on REiD at the clock cycle indicated by “=TP” 
is not equal to the test pattern, the signal ALARM goes high 
(indicated by dotted lines). 

FIG. 5C is a signal timing diagram for case 2 relevant to 
the control unit 33 of FIG. 3. The designation “=TA” in the 
signal REiADR means that the read address is equal to the 
test address. The designation “=TP” in the signal REiD 
means that the read data is equal to the test pattern. HoWever, 
if the data on REiD at the clock cycle indicated by “=TP” 
is not equal to the test pattern, the signal ALARM goes high 
(indicated by dotted lines). The ?rst tWo sectors are similar, 
illustrating that there might be more than one Word Written 
to the test address before the test is over. 

FIG. 5D is a signal timing diagram for case 1 relevant to 
the Write control unit 34 of FIG. 3. The designation “=R” in 
the signal LAT CHiD means that the data on REiD is put 
on LATCHiD. The designation “XXX” means that the data 
is undetermined. The designation “= A” in the signal 
WRiADR means that the Write address is equal to the test 
address. The designation “=TP” in the signal WRiD means 
that the Write data is the test pattern. The designation “=LD” 
in the signal WRiD means that the Write data is the data on 
LATCHiD. 

FIG. SE is a signal timing diagram for case 2 relevant to 
the Write control unit 34 of FIG. 3. The designation “=TA” 
in the signals WRiINiADR and WRiADR means that the 
Write address is equal to the test address. The designation 
“=TP” in the signal WRiD means that the Write data is the 
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test pattern. The designation “=I” in the signal WRiD 
means that the Write data is the data on INiD. The desig 
nation “=I” in the signal LATCHiD means that the data on 
INiD is put on LATCHiD. The ?rst tWo sectors are 
similar, illustrating that there might be more than one Word 
Written to the test address before the test is over. 

It should be understood that only the principles of differ 
ent cases are described above, not all possible cases. 
Description of FloW Diagrams 

FIG. 6 is a schematic diagram of a method for testing a 
memory according to a preferred embodiment of the inven 
tion. The memory to be tested is preferably a speech store 
Which has a number of memory locations. In step 101, a 
memory location in the memory is selected as a test location. 
In step 102, When, in operation, data is to be Written to the 
selected memory location, this data is temporarily stored in 
a storage unit such as an external one-Word memory, and 
instead a test pattern is Written to the selected memory 
location. In step 103, When data in the selected memory 
location is requested in the operation, the data stored in the 
storage unit is forWarded as requested output data, and the 
content of the selected memory location is read. 
Alternatively, the content of the selected memory location is 
read When no data is requested from the memory. In step 
104, the content read from the selected memory location is 
compared to the Written test pattern, and in step 105, an 
alarm is raised if there is a mismatch. 
The steps 101—105 can be repeated for the same test 

location, but With a further complementary test pattern. In 
addition, it is possible to repeat the steps 101—105 for all 
memory locations of the memory. These options are indi 
cated at 106. Preferably, steps 101—105 are repeated con 
tinuously With tWo complementary patterns to obtain a 
continuous supervision of the memory. 

FIG. 7 is a schematic diagram of a method for testing a 
memory according to another preferred embodiment of the 
invention. In step 201, a memory location in the memory to 
be tested is selected as a test location. In step 202, When data 
in the selected memory location is requested in the 
operation, this data is stored in a storage unit such as an 
external one-Word memory, and the data noW stored in the 
storage unit is forWarded as the requested output data. In 
step 203, When no data is Written to the memory, a test 
pattern is Written to the selected memory location. 
Alternatively, When neW data is to be Written to the selected 
memory location, the data previously stored in the storage 
unit is replaced by the neW data, and then the test pattern is 
Written to the selected memory location. In step 204, When 
data in the selected memory location once again is requested 
in the operation, the data stored in the storage unit is 
forWarded as the requested output data and the content of the 
selected memory location is read. In step 205, the content 
read from the selected memory location is compared to the 
Written test pattern, and in step 206, an alarm is raised if 
there is a mismatch. 

Preferably, the data stored in the storage unit is Written 
back into the selected memory location after the test of that 
memory location has been completed. 
The steps 201—206 can be repeated for the same test 

location, but With a further complementary test pattern. In 
addition, it is possible to repeat the steps 201—206 and the 
step of returning, after the test, the data in the storage unit 
to the tested location, for all memory locations of the 
memory. These options are indicated at 207. Preferably, 
steps 201—206 are repeated continuously With tWo comple 
mentary patterns to obtain a continuous supervision of the 
memory. 
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Although the embodiments above are envisaged for 
memories that have one input port and one output port, it is 
of course possible to apply the invention, in all its aspects, 
to multiple port memories as Well. It is sometimes desirable 
to use a type of memory that has more than one output port, 
i.e. a multiple port memory, such that tWo or more memory 
addresses can be read at the same time. 

Another situation is When several similar memories in a 
circuit are to be tested, for eXample When a single-port 
memory (one input port and one output port) is duplicated in 
order to alloW tWo or more memory addresses to be read at 
the same time. If the duplicated memories hold the same 
data (relevant to the speech store implementation of FIG. 2), 
a common latch unit can be used in testing all the memories, 
instead of a separate latch unit for each memory. The signal 
LATCHiD from the common latch unit is then distributed 
to the multipleXors associated With the duplicated memories, 
and the signal WRiD from the latch unit and the signal 
WRiADR are distributed to the memories. In addition, by 
using the same test address for all the duplicated memories, 
a common control unit can be used instead of a separate 
control unit for each memory. In this case hoWever, the 
alarm function is preferably moved from the control unit to 
an appropriate unit that still is assigned to each memory, eg 
the read control unit in the case of a speech store, such that 
a separate alarm can be given for each memory.. Of course, 
the signaling Will be modi?ed accordingly. 

The embodiments described above are merely given as 
examples, and it should be understood that the present 
invention is not limited thereto. Further modi?cations, 
changes and improvements Which retain the basic underly 
ing principles disclosed and claimed herein are Within the 
scope and spirit of the invention. 
What is claimed is: 
1. A method for testing a memory in operation, the 

memory having a number of memory locations, the method 
comprising the steps of: 

a) selecting a memory location in the memory as a test 

location; 
b) When, in operation, data is to be Written to the selected 
memory location, temporarily storing the data in a 
storage unit, and instead Writing a test pattern into the 
selected memory location; 

c) When data in the selected memory location is requested 
in the operation, forWarding the data stored in the 
storage unit as requested output data, and reading the 
content of the selected memory location in the memory, 
or When no data is requested from the memory, reading 
the content of the selected memory location; 

d) comparing the content read from the selected memory 
location to the Written test pattern; and 

e) selectively, in dependence on the result of the 
comparison, raising an alarm. 

2. A method for testing a memory according to claim 1, 
Wherein the storage unit is an eXternal one-Word memory. 

3. A method for testing a memory according to claim 1, 
Wherein the steps b—e are repeated With a further comple 
mentary test pattern. 

4. A method for testing a memory according to claim 1, 
Wherein the steps a—e are repeated for all memory locations 
of the memory. 

5. A method for testing a memory according to claim 1, 
Wherein the memory is a speech store in operation in a 
communication sWitch. 

6. A method for testing a memory in operation, the 
memory having a number of memory locations, the method 
comprising the steps of: 
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a) selecting a memory location in the memory as a test 

location; 
b) When data in the selected memory location is requested 

in the operation, temporarily storing the data in the 
selected memory location in a storage unit, and for 
Warding the data noW stored in the storage unit as 
requested output data; 

c) When no data is Written to the memory, Writing a test 
pattern into the selected memory location, or When neW 
data is to be Written to the selected memory location, 
replacing the data previously stored in the storage unit 
by the neW data, and Writing the test pattern into the 
selected memory location; 

d) When data in the selected memory location once again 
is requested in the operation, forWarding the data stored 
in the storage unit as requested output data and reading 
the content of the selected memory location in the 
memory; 

e) comparing the content read from the selected memory 
location to the Written test pattern; and 

f) selectively, in dependence on the result of the 
comparison, raising an alarm. 

7. A method for testing a memory according to claim 6, 
further comprising the step g) of Writing, after the test of the 
selected memory location has been completed, the data 
stored in the storage unit into the selected memory location 
of the memory. 

8. A method for testing a memory according to claim 7, 
Wherein the steps b—g are repeated With a further comple 
mentary test pattern. 

9. A method for testing a memory according to claim 7, 
Wherein the steps a—g are repeated for all memory locations 
of the memory. 

10. A method for testing a memory according to claim 6, 
Wherein the storage unit is an external one-Word memory. 

11. A method for testing a memory according to claim 6, 
Wherein the memory is a control store in operation in a 
communication sWitch. 

12. A system for testing a memory in operation, the 
memory having a number of memory locations, the system 
comprising: 

a control unit for selecting a memory location in the 
memory as a test location; 

means for temporarily holding data intended for the 
selected memory location and for forWarding a test 
pattern to the selected memory location When, in 
operation, data is to be Written to the selected memory 
location; 

means for reading the content of the selected memory 
location in the memory When data in the selected 
memory location is requested in the operation, or When 
no data is requested from the memory; 

means for forWarding the data held in said means for 
temporarily holding as requested output data When data 
in the selected memory location is requested in the 
operation; and 

means for comparing the content read from the selected 
memory location to the forWarded test pattern and for 
selectively, in dependence on the result of the 
comparison, raising an alarm. 

13. Asystem for testing a memory according to claim 12, 
Wherein said means for temporarily holding and for for 
Warding a test pattern is a latch unit provided on the input 
side of the memory and controlled by the control unit. 

14. Asystem for testing a memory according to claim 13, 
Wherein said means for forWarding the data held in said 




